Participants attempted to retrieve phonological or imagerybased information under conditions where either the two kinds of retrieval were required in separate blocks, or where frequent switches between retrieval tasks were required within blocks. Electrophysiological indices of processes engaged in pursuit of accurate memory judgments, elicited by contrasting ERPs evoked by correctly identi®ed new test items, differed according to retrieval task only when the tasks were completed in separate blocks. The principal conclusion suggested by these ®ndings is that the requirement to alternate frequently between the two retrieval tasks attenuated the engagement of task-speci®c processes that form part of a retrieval attempt.
INTRODUCTION
A cognitive set is a preparatory state that determines the processing to which task stimuli will be subjected [1] . In studies of episodic retrieval, retrieval mode describes the set that is entered into when there is a need to retrieve information from episodic memory [2] . Entering retrieval mode ensures that subsequent stimulus events are treated as cues for episodic retrieval [3] . A related term, retrieval orientation [4, 5] , is a fractionation of mode. It determines the task-speci®c retrieval operations that are set in train by a retrieval cue according to the type of information that is to be retrieved. Thus orientation, but not mode, may vary according to the speci®c demands of an episodic retrieval task [5] .
DC potential recordings can be employed to monitor slow (low frequency) changes in neural activity that can be sustained for several seconds, and which may re¯ect the adoption and maintenance of a cognitive set. Duzel and colleagues [6] employed this measure to contrast the setrelated neural activity that is engaged during episodic and semantic retrieval tasks. Over right-frontal scalp the slow potentials evoked during the episodic task were more positive-going than those evoked during the semantic task, and the authors interpreted this difference as an electrophysiological signature of retrieval mode.
The time course of this putative signature of mode [6] indicates that it takes as much as 5±6 s before participants are engaged fully in retrieval mode. It follows from this observation that if mode does in fact ensure that stimuli are treated as retrieval cues, then the processing afforded test items in pursuit of retrieval should vary according to whether participants have suf®cient time to engage fully in retrieval mode. The same logic should apply to retrieval orientation. That is, the task-speci®c retrieval operations that are set in train by a retrieval cue should be engaged to a lesser degree when participants are given insuf®cient time to adopt and maintain an orientation.
This prediction was tested in the study reported here. In the ®rst of two experiments, participants completed different retrieval tasks in separate blocks, thereby providing them with the opportunity to maintain the same retrieval orientation for the duration of each block. In the second experiment, participants completed the same number of blocks, but within each block they were cued on a trial-bytrial basis as to which retrieval task to complete. Frequent switches between retrieval tasks were required and the cues indicating which task to complete were presented 2.1 s before each test item. Thus, in contrast to Experiment 1, in Experiment 2 participants should encounter a higher proportion of test stimuli when they have had insuf®cient time to adopt fully the relevant retrieval orientation.
The principal contrast of interest was between the ERPs elicited by new (unstudied) test items in the two experiments, separated according to retrieval task. The contrasts were restricted to ERPs elicited by unstudied items because this electrophysiological measure should provide correlates of retrieval orientation (task-speci®c retrieval operations) that are not confounded with correlates of retrieval success [5] . If retrieval orientation does in fact determine the speci®c form of retrieval processing that is afforded test items, then any electrophysiological indices of retrieval processing that are evident in Experiment 1 should be attenuated in Experiment 2 due to the time demands that are imposed by the task-switching requirement.
MATERIALS AND METHODS
There were 24 participants in each experiment and no participant completed both. Each experiment consisted of two study-test cycles. Study phases comprised 90 words, presented one at a time on a computer monitor. Test phases comprised 180 words, 90 of which were encountered in the preceding study phase. The remainder were new to the experiment. All words had a frequency of occurrence of , 7/million [7] .
For each study word participants completed one of two encoding tasks: generating a phonological representation of the word and stating a word that rhymed with it, or generating a mental image of the concept denoted by the word and stating a word denoting a concept with a similar mental image. In both experiments participants completed the two study tasks in separate blocks. Retrieval tasks were preceded by a single study block (90 words) in Experiment 1 and a pair of study blocks (one for each study task, 45 words in each) in Experiment 2. Study blocks were selfpaced, controlled via key-press. In each test phase participants made one of three speeded key-press responses on each trial. They were asked to make one response to new (unstudied) words, and one of two responses: either a remember (R) or a know (K) response, to old (previously studied) words [8, 9] . R judgments were made to words for which participants could remember the associate (phonological or imagery based) generated when that word had been encountered at study. K judgments were made when participants knew no more than that the word had been encountered at study. In Experiment 1 test trials commenced with a ®xation point (an asterisk: 1000 ms duration) with a 100 ms interval between ®xation offset and onset of the target word (300 ms duration). The screen was blanked for a variable period following the offset of the target word. The length of this period on each trial comprised the reaction time (measured from target onset), plus 1600 ms. Finally, a blink instruction (duration 3000 ms) was followed by a 1000 ms blank interval before the next trial. Participants were asked to restrict eye-blinks to the period when the blink instruction was visible. In Experiment 2 the initial ®xation was one of two cues ( or XXXX: duration 2000 ms) that directed participants as to which type of encoded information to retrieve. An equal number of new words followed each cue type. When an old word followed a cue it was always one encoded in the task denoted by the cue. Order of cue presentation was pseudo-random: an equal number of phonological and imagery-based retrieval cues were presented, and on average 45% of trials were switch trials. That is, the cue was different from the cue on the preceding trial. All other task parameters were as for Experiment 1. In both experiments, study and test list combinations were balanced such that, on different lists, all words occurred as either old or new items, and all words were encountered in the phonological and the imagery-based retrieval task. Eight study±test list combinations were used in each experiment.
EEG was recorded continuously from 54 tin electrodes embedded in an elasticised cap. Locations were based on the extended international 10-20 system [10] , and included midline (FPz, Fz, FCz, Cz, CPz, Pz, POz, Oz) as well as left/right hemisphere sites (FP1/FP2, AF7/AF8, AF3/AF4, F7/F8, F5/F6, F3/F4, FT7/FT8, FC5/FC6, FC3/FC4, FC1/ FC2, T7/T8, C5/C6, C3/C4, TP7/TP8, CP5/CP6, CP3/ CP4, CP1/CP2, T5/T6, P5/P6, P3/P4, PO7/PO8, PO3/ PO4, O1/O2). The continuous EEG was acquired with a left-mastoid reference (250 Hz acquisition, 0.03±30 Hz ®lter-ing during acquisition), re-referenced off-line to linked mastoids, and epoched (2048 ms duration, 100 ms prestimulus baseline). Electrodes mounted above and below and to the left and right of the eyes were employed to monitor EOG artifacts. Only participants who contributed . 16 artifact-free trials to the critical response categories were included [11] .
RESULTS
Behavioural data: The probabilities of correct old judgments (hits) and correct new judgments (correct rejections) in Experiment 1 were as follows: rhyme±hit 0.78, rhyme± correct rejection 0.85, image±hit 0.93, image±correct rejection 0.94. Behavioural performance in Experiment 2 was markedly similar: rhyme±hit 0.77, rhyme±correct rejection 0.88, image±hit 0.92, image±correct rejection 0.93. In both experiments the probability of a hit was computed by summing the probabilities of correct R and K judgments.
The ability to discriminate between old and new items in each experiment was assessed by contrasting the values obtained in each retrieval task by subtracting the probability of an incorrect judgment to a new item (a false alarm) from the probability of a hit [12] . For the imagery-based and phonological retrieval conditions in both experiments these discrimination values were reliably above chance (t . 30, p , 0.001: Experiment 1 rhyme 0.63, Experiment 2 rhyme 0.65, Experiment 1 imagery 0.87, Experiment 2 imagery 0.85). These measures were submitted to ANOVA, where experiment and retrieval task were between-and within-participant factors, respectively. Equivalent analyses were performed for the probabilities of a correct rejection, and the reaction times to correct rejections. In each case, only reliable effects of task were revealed, re¯ecting the fact that discrimination measures (F(1,46) 188.40, p , 0.001) as well as the probabilities of correct rejections (F(1,46) 33.39, p , 0.001) were superior in the imagery based retrieval tasks, and reaction times to correct rejections were slower in the phonological tasks (F(1,46) 29.54, p , 0.001). Mean reaction times for correct rejections were: Experiment 1 rhyme 1351 ms, Experiment 2 rhyme 1390 ms, Experiment 1 imagery 1189 ms, Experiment 2 imagery 1288 ms.
ERP data: The analysis was restricted to ERPs evoked by correctly identi®ed new items (correct rejections). Analyses were performed using a 3x3 grid of frontal (F3, Fz, F4), central (C3, Cz, C4) and parietal electrode locations (P3, Pz, P4), these choices being guided by the locations of reliable differences between ERPs evoked by classes of correct rejections in previous studies [13±15] . The data were submitted to an initial ANOVA which comprised the factors of Experiment (1 vs 2), epoch (500±800 vs 1100± 1600 ms), condition (imagery vs phonological), and two factors that clustered the sites according to their location along the lateral (left, central, right) and anterior/posterior (frontal, central, parietal) dimensions. The analysis revealed two three-way interactions involving the factor of condition: experiment 3 epoch 3 condition (F(1,46) 7.14, p , 0.025), and epoch 3 condition 3 lateral (F(1.6,75.0) 9.17, p , 0.01). This and all subsequent analyses of variance incorporated, where necessary, the Geisser±Greenhouse correction for non-sphericity [16] . This global analysis was followed up by four subsidiary analyses where the data were separated according to experiment and time window. These analyses con®rmed the impression given by Fig. 1: that 
These results re¯ect the fact that, in comparison to those evoked in the phonological retrieval condition, the ERPs evoked by correct rejections in the semantic retrieval condition were reliably were negativegoing over the early (500±800 ms) epoch and reliably more positive-going over the later (1100±1600 ms) epoch. In addition, for the early epoch the interaction between condition and the lateral dimension approached signi®-cance (F(2,45) 3.11, p , 0.06) re¯ecting the fact that the differences between the two classes of ERPs evoked by correct rejections tend to be largest at midline (Fz, Cz, Pz) electrode locations.
DISCUSSION
The principal ®nding in this study is that electrophysiological indices of retrieval orientation were reliable in Experiment 1 but not in Experiment 2. In both experiments the critical contrast was between the ERPs that were evoked by correct rejections in the imagery-based and the phonological retrieval tasks. Reliable differences between ERPs elicited by correct rejections in tasks with different retrieval requirements are held to index processes which form part of what is de®ned broadly as a retrieval attempt [4, 5] . The ®ndings therefore suggest that task-speci®c processes which are set in train in pursuit of accurate memory judgments were engaged to a greater extent in Experiment 1 than in Experiment 2.
The primary difference between the two experiments was that in Experiment 1 participants completed separate retrieval blocks in which either semantic or phonological retrieval was emphasised. In Experiment 2 participants also completed two study-test blocks, but within each block they were cued on a trial-by-trial basis as to which of these two retrieval tasks to complete. The time period from the onset of the cue designating the retrieval task to be completed and the subsequent test item was 2.1 s, whereas the results of a previous DC potential study episodic retrieval suggest that it may take as much as 5 or 6 s for participants to engage fully in a retrieval orientation [6] . Thus the opportunity to process test stimuli while engaged fully in a given retrieval orientation was more limited overall in Experiment 2 than in Experiment 1. On the basis of these differences in task structure it seems reasonable to conclude that the attenuation of the indices of a retrieval attempt in Experiment 2 came about as a result of the requirement to switch frequently between retrieval tasks, thereby providing support for the view that it takes a period of several seconds for participants to engage fully in a retrieval orientation.
There is, however, a rather more mundane interpretation for the ®ndings in Experiment 2. The absence of reliable indices of task-speci®c retrieval processing might have come about because participants ignored the cues preceding each target item. If this is an accurate description of the behaviour of participants then one would predict that the processing afforded new test items should be equivalent, which is indeed what was observed. This account seems unlikely to be correct, however, since reaction times for correct rejections were reliably slower following cues that denoted phonological retrieval than following those that denoted imagery-based retrieval. If participants had paid 
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no attention to the cues in Experiment 2 there is no reason for the reaction times to items that were not encountered at study to vary according to cue type. An important limitation of the design of this study is that it was not possible to separate trials in Experiment 2 according to the number of preceding trials that had also been completed in the same retrieval task. This is because doing so would have resulted in there being too few trials in the ERP categories of interest to maintain a satisfactory signal-to-noise ratio. Thus the present ®ndings do not speak to the issue of whether the extent to which taskspeci®c retrieval processes are engaged is greatest on the ®rst trial that participants completed in one or other retrieval task (a switch trial) having completed the alternate task on the preceding trial. This question is especially pertinent because of previous ®ndings that switching between tasks results in increased reaction times, with the brunt of this switch cost being carried by the ®rst trial participants complete in a given task [17] .
Exploring this issue while using ERPs as one of the dependent measures would necessitate using a paradigm in which there is more control over the number of switch trials and the number of trials between switches than in the study reported here. The alternating runs paradigm [17] , in which participants alternate between completing two trials in task A and then two in task B, is one task that ful®ls these criteria. Finally, it is important to note that while these observations suggest further lines of enquiry, they do not mitigate against the principal conclusion drawn earlier. Namely, that the reason for the attenuation of the indices of retrieval processing in Experiment 2 compared to Experiment 1 is that overall there was less opportunity in Experiment 2 for participants to engage in task-speci®c retrieval processing by virtue of the requirement to switch frequently between retrieval tasks.
In a recent review of the concept of retrieval orientation and related retrieval processes, Rugg and Wilding [5] observed that an important research question was what components of memory retrieval processing were in¯u-enced by the adoption of a retrieval orientation. In particular, they identi®ed two (not mutually exclusive) possibilities. The ®rst was that orientation in¯uences which aspects of an episode are retrieved from memory. The ®ndings in this study provide little support for this possibility, since ERP indices of task-speci®c retrieval processes were evident in Experiment 1 only, while the behavioural measures of accuracy (old/new discrimination and the likelihood of a correct rejection) did not differ across the two experiments. This pattern of results is inconsistent with the view that retrieval orientation determines what is retrieved from memory. The claim that retrieval orientation in¯uences directly what is retrieved would have been supported by the ®nding that the attenuation of the indices of orientation in Experiment 2 compared to Experiment 1 was accompanied by lower memory accuracy in Experiment 2.
The second possibility identi®ed by Rugg and Wilding [5] was that retrieval orientation in¯uences the way in which the products of retrieval are processed. The ®ndings in this study provide some support for this account. The ERP indices of retrieval processing were attenuated in Experiment 2 compared to Experiment 1, while for the behavioural measures the only disparity across the two experiments was the fact that, for both the imagery-based and the phonological retrieval tasks, reaction times were longer in Experiment 2. One interpretation of these ®nd-ings, which also acknowledges the similarity in memory accuracy across the two experiments, is that engaging fully in a retrieval orientation facilitates the task-relevant processing afforded test stimuli, thereby permitting faster, but not necessarily more accurate, memory judgments. It remains to be seen whether the patterns of accuracy, reaction time, and electrophysiological data that are obtained in similar paradigms but with different retrieval tasks to those employed in this study are consistent with these proposals.
Beyond these constraints, what further light can be shed on the functional signi®cance of the ERP indices of retrieval processing that were evident primarily in Experiment 1? The ERPs evoked by correct rejections in the semantic retrieval task were relatively more negative-going than those evoked in the phonological retrieval task from 500 to 800 ms, and relatively more positive-going from 1100 to 1600 ms. The statistical analyses also suggested that the distribution of the two modulations is not equivalent, tending to have a midline maximum in the early epoch and a more diffuse distribution in the later epoch. In combination these ®ndings suggest that the early and late modulations index distinct processes.
The precise functional signi®cance of these modulations awaits more information about the conditions under which they are elicited than is available currently. Nonetheless, it is noteworthy that for the earlier of the two modulations, the time course and distribution of this effect is similar to the N400 ERP component, which is larger (more negativegoing) in tasks where participants focus on meaningrelated rather than surface features of stimuli [18, 19] . This observation suggests that the modulation reported here re¯ects the fact that participants adopted distinct analysis strategies that involved greater emphasis on either semantic or non-semantic properties of test stimuli in the imagery-based and the phonological retrieval tasks, respectively (for a similar argument and conclusion, see [13] ).
From a more general perspective, the design of Experiment 2 here is comparable to other paradigms which have been designed so as to disrupt memory retrieval processing by imposing demands at the time of retrieval. Two other examples are dual-task approaches [20, 21] , and studies of the revelation effect, where completion of a different task immediately before making memory judgments can, under certain circumstances, in¯uence the likelihood of hits as well as false alarms [22] . The principal focus in studies of this type has been on how these manipulations in¯uence the accuracy of memory judgments. To our knowledge, there are no published studies in which these paradigms have been employed in conjunction with ERP measures of neural activity. As is the case for the taskswitching approach reported here, recording ERPs in these paradigms alongside accuracy and reaction time measures offers a means of providing more insight into the stages of retrieval processing that are in¯uenced by manipulations during retrieval tasks than can be achieved using behavioural measures alone.
CONCLUSION
The ®ndings from Experiment 1 provide further support for the concept of retrieval orientation by demonstrating that the engagement of task-speci®c retrieval processes varies according to the information that participants are directed to retrieve from episodic memory. Furthermore, in combination, the ®ndings from the two experiments are consistent with the view that there is at best partial engagement of these retrieval processes when the time available to adopt a retrieval orientation is limited.
